Zoledronic acid produces antitumor effects on mesothelioma through apoptosis and S-phase arrest in p53-independent and Ras prenylation-independent manners.
We examined whether zoledronic acid (ZOL), the third generation of bisphosphonates, produced cytotoxic effects on human mesothelioma cells in vitro and in vivo, and investigated a possible involvement of p53, Ras, and extracellular signal-regulated kinase1/2 (ERK1/2) pathways. Cytotoxicity and cell cycles were assessed with a colorimetric assay and flow cytometry, respectively. Expression levels of apoptosis-linked proteins and prenylation of small guanine-nucleotide-binding regulatory proteins were tested with p53-small interfering RNA, an ERK kinase1/2-inhibitor, and prenyl alcohols. The antitumor activity was examined in an orthotopic animal model. ZOL treatments suppressed growth of mesothelioma cells bearing the wild-type p53 gene through apoptosis induction accompanied by activation of caspases, or S-phase arrest by up-regulated cyclin A and B1. ZOL induced p53 phosphorylation and subsequent activation of the downstream pathways. Down-regulated p53 expression with the small interfering RNA, however, showed that both apoptosis and S-phase arrest were irrelevant to the p53 activation. Geranylgeranyl but not farnesyl pyrophosphate inhibited ZOL-induced apoptosis and S-phase arrest, and the geranylgeraniol supplement decreased ZOL-mediated Rap1A but not Ras unprenylation. Inhibition of ERK1/2 pathways suppressed ZOL-induced apoptosis but not S-phase arrest. We further demonstrated that ZOL, administrated intrapleurally, inhibited the tumor growth in the pleural cavity. These data indicate that ZOL induces apoptosis or S-phase arrest, both of which are independent of p53 activation and Ras unprenylation, and suggest that ZOL is a possible therapeutic agent to mesothelioma partly through non-Ras- and ERK1/2-mediated pathways.